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EFFECT OF MOMENT GRADIENT ON THE STRENGTH OF LITESTEEL BEAMS 
C. W. KURNIAWAN1 and M. MAHENDRAN2 
ABSTRACT : A new cold-formed hollow flange channel section known as LiteSteel beam (LSB) has 
been developed recently in Australia. Due to its unique geometry, it is subjected to lateral distortional 
buckling, which reduces its member moment capacity for intermediate spans. Although new member 
moment capacity rules have been developed to allow for this in the case of uniform moment, the effect 
of non-unifom moment distribution is unknown. Equivalent uniform moment distribution factors are 
commonly used in the design codes to accommodate the effect of non-uniform moment distributions 
for conventional hot-rolled, doubly symmetric I-beams subject to lateral torsional buckling. However, 
their applicability to LSBs is not yet known. This paper presents the details of a finite element analysis 
study into the effects of moment gradient on the lateral buckling strength of simply supported LSBs 
and describes the important results in relation to the current design methods.  
KEYWORDS: LiteSteel beams, Lateral distortional buckling, Finite element analysis, Moment 
gradient effects 
1. INTRODUCTION 
LiteSteel beam (LSB) is a new cold-formed high strength and thin-walled steel section. It has a unique 
mono-symmetric channel shape comprising two rectangular hollow flanges and a slender web (Figure 
1), and is currently used as flexural members in the building industry. The section depth and flange 
width of LSB sections vary from 125 to 300 mm and 45 to 75 mm, respectively, with their thicknesses 
in the range of 1.6 to 3.0 mm. The new LSBs with intermediate spans are governed by their lateral 
distortional buckling behaviour as shown in Figure 1 [1]. Under flexural action, the presence of two 
stiff hollow flanges and a slender web leads to this buckling mode for which a web distortion occurs in 
addition to the lateral deflection and twist that occur in the common lateral torsional buckling mode. 
This therefore reduces its buckling resistance to be lower than that based on lateral torsional buckling. 
Appropriate moment capacity design rules have been developed to allow for the effects of lateral 
distortional buckling [1,2]. However, they are limited to a uniform bending moment case, and the 
effects of non-uniform moment distribution on LSB moment capacity are unknown.                         
                
Figure 1: LiteSteel Beams                               Figure 2: Moment Gradient Effect 
                                                     
1 Former Graduate Student, 2 Professor, Queensland University of Technology, Brisbane, QLD 4000, Australia 
  
Eleventh East Asia-Pacific Conference on Structural Engineering & Construction (EASEC-11), Taipei, TAIWAN 
EASEC-11  2  
Many hot-rolled steel structures design codes have adopted equivalent uniform moment distribution 
factors to allow for the effects of non-uniform moment distributions on member strength. Australian 
code, AS4100 [3], provides Equation (1) to determine an equivalent uniform moment factor or 
moment modification factor (αm) for beams where β is the ratio of the two end moments. It also allows 
a simple approximation using Equation 2 that applies to any bending moment distribution. 
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Where Mm = maximum design bending moment, M2, M4 = design bending moments at the quarter 
points and M3 = design bending moment at the midpoint of the segment 
American and British codes, ANSI/AISC 360 [4] and BS5950-1 [5] also provide a general equation of 
moment modification factor (Cb and mLT) for various shapes of bending moment distribution. 
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But the above factors were derived mostly based on the data for conventional hot-rolled, doubly 
symmetric I-beams subject to lateral torsional buckling. But LSBs are made of high strength steel and 
have a unique mono-symmetric cross-section with specific residual stresses and geometric 
imperfections along with a unique lateral distortional buckling mode. Therefore their applicability to 
LSBs is unknown. Past research [6,7] has shown that the accuracy of moment distribution factors 
varied depending on the section geometry of even the hot-rolled sections such as mono-symmetric 
beams and Tee beams. Limited research on cold-formed sections showed that moment modification 
factors in AS4100 are reasonably accurate for some sections, but not for others [8-10].  
The cold-formed steel design code, BS5950-5 [11], provides a moment modification factor (Cb) 
equation, similar to Eq.1 above with a limit of 2.3. The American and Australian cold-formed steel 
design codes [12,13] provide a moment modification factor (Cb) equation that is similar to Eq. 3 
above. However, these factors are used differently in design. Hot-rolled steel codes apply them 
directly to the member moment capacity Mb, (ie. αm Mb) whereas cold-formed steel codes apply them 
to the elastic buckling moment Mcr (ie. Cb Mcr). This modified elastic buckling moment is used to 
determine the modified member slenderness, which is then used to determine the member capacity Mb 
in cold-formed steel codes. Accuracy of the two different methods for LSBs must also be investigated. 
In this research finite element analyses were used to investigate the effects of non-uniform moment 
distribution of moment gradient shown in Figure 2 on the lateral buckling strength of simply supported 
LSBs. This paper presents the details of this study, a comparison of equivalent moment distribution 
factor results with the current steel design code rules and suitable design recommendations. 
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2. FINITE ELEMENT ANALYSIS 
In this section, a nonlinear inelastic finite element model of LiteSteel beam used in this study is 
described. Three LSB sections, LSB125x45x2.0, LSB250x60x2.0 and LSB300x75x3.0, were 
investigated to include the effect of section geometry. Based on AS4100 [3] rules, they are classified 
as compact, non-compact and slender sections, respectively. The beam lengths were also varied from 
intermediate to long spans to observe the relationship of lateral buckling modes to the loading 
conditions. ABAQUS S4R5 shell element was used in the finite element modelling of LSBs [14]. This 
element is a thin, shear flexible, isoparametric quadrilateral shell with four nodes and five degrees of 
freedom per node. An element size of 5 mm for both the flanges and web elements of LSB was 
required to represent the spread of plasticity, residual stress distribution and buckling deformation, 
while an element length of 10 mm was used in the longitudinal direction to provide adequate accuracy 
(Figure 3). An elastic perfect plasticity model without strain hardening was assumed. The LSB is 
manufactured from a single base steel, but because of the cold-forming process, the flanges have a 
higher yield stress (fy) than the web. Following nominal yield stresses given in the LSB specification 
were therefore used in the non-linear analyses: 380 and 450 MPa for the web and flanges, 
respectively. The Young’s Modulus of Elasticity and the Poisson’s Ratio were taken as 200 GPa 
and 0.25.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Finite Element Modelling of LiteSteel Beams subject to Moment Gradient 
Figure 3 also shows the load and boundary conditions used to simulate the required simply supported 
conditions and the applied end moments. An ideal simply supported condition was used in this study, 
ie. both ends were fixed against vertical deflection, out-of plane deflection and twist rotation, but 
unrestrained against in-plane rotation, minor axis rotation and warping displacement, while only one 
end was fixed against longitudinal horizontal displacement. The pin support (at one end) was modelled 
by using a single point constraint (SPC) of “1234” applied to the node at the middle of the web 
element, while the degrees of freedom “234” of the other nodes were restrained. To simulate the roller 
support at the other end, all the nodes’ degrees of freedom “234” were restrained. The degrees of 
freedom notation “123” corresponds to translations in x, y and z axes whereas “456” relates to 
rotations about x, y and z axes, respectively. The applied end moment was simulated with linear forces 
applied at every node of the beam end, where the upper part of the section was subject to compressive 
forces while its lower part was subject to tensile forces (Figure 3). The required uniform moment 
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distribution was achieved by applying equal end moments, while unequal end moments were 
simulated based on the selected end moment ratios (β).  
Both elastic buckling and non-linear static analyses were used in this study. Elastic buckling analysis 
was used to determine the moment modification factors while the non-linear analysis was used to 
investigate the effects up to the ultimate moment. In the nonlinear analyses, an initial imperfection of 
L/1000 was conservatively adopted. The initial imperfection shape was introduced by ABAQUS 
*IMPERFECTION option with the buckling eigenvector obtained from an elastic buckling analysis. 
Preliminary non-linear static analyses showed that the positive initial imperfection always provides 
higher ultimate strengths of LSBs than the negative initial imperfection. Therefore the negative initial 
imperfection shown in Figure 6 was adopted in this study in order to obtain a lower bound solution. A 
residual stress model developed by Mahaarachchi and Mahendran [1] was included in the finite 
element model using the ABAQUS *INITIAL CONDITIONS (TYPE = STRESS) option. 
The developed finite element model of LSB was validated by comparing its elastic buckling results for 
the uniform moment case with the corresponding solutions obtained from a finite strip analysis 
program THINWALL [15] and the the equation for elastic lateral distortional buckling moment (Mod) 
developed by Pi and Trahair [8] (Equations 5a and 5b). The finite element modelling results agreed 
well with the results from both THINWALL and Mod equation, with an average difference of less than 
2% and 3%, respectively. It was also able to simulate the local buckling for short spans and lateral 
torsional buckling for long spans. 
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Where EIy = minor axis flexural rigidity, EIw = warping rigidity, JF = torsion constant for a single 
hollow flange of LSB, d1 = depth of the flat portion of the web, t = thickness and L = beam length 
The accuracy of the non-linear static finite element analysis using the assumed imperfections and 
residual stresses was validated based on the comparison of its results with the experimental studies of 
LSBs [16]. 
3. ELASTIC BUCKLING ANALYSIS RESULTS AND DISCUSSION 
Elastic buckling finite element analyses were conducted for LSBs with a moment gradient that varied 
from β = -1.0 (uniform moment) to β = 1.0 at intervals of 0.2.  The elastic buckling moment results 
under these moment gradients were used to calculate the equivalent uniform moment or moment 
distribution factor (αm), which was defined as the ratio of the elastic lateral buckling moment for non-
uniform moment conditions to that for uniform moment conditions (Mod-non/Mod). Figure 4 shows the 
calculated moment distribution factors (αm) that are also grouped according to the two main lateral 
buckling modes, lateral torsional buckling (LTB) and lateral distortional buckling (LDB). It shows that 
the moment gradient action increases the lateral buckling strength of LSBs, ie. αm factor is greater than 
1.0 with increasing β. However, the moment gradient benefit is reduced in some cases as indicated by 
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the skewed αm curve in Figure 4. The moment gradient action effectively increases the lateral buckling 
strength, but local buckling becomes the critical mode. The skewed αm curve in Figure 4 indicates that 
the critical local buckling mode has been reached and hence does not contribute to the variation of 
moment gradient effects. This occurred for LSBs with short to intermediate spans and those with 
intermediate spans and a high positive end moment ratio (β). Since the αm factor is for pure lateral 
buckling, the results affected by the local buckling mode were not considered. 
 
 
Figure 4: αm Factors from FEA 
 
 
 
Figure 5: Comparison of αm Factors with Current Design Equations 
The elastic lateral distortional buckling moment (Mod) given in Equation 5a can be written as; 
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Where Ke is a modified torsion parameter that includes both the torsion component of lateral buckling 
and the web distortion. Low Ke value means high beam slenderness and vice versa. For lateral 
torsional buckling, the same equations are used by using GJ instead of GJe. 
Figure 4 shows that the benefits of moment gradient with high end moment ratios (β) vary in the case 
of lateral buckling mode. The αm factors are unfavourably influenced by lateral distortional buckling. 
They reach the upper bound with high beam slenderness (subject to lateral torsional buckling), but it 
reduces with lower beam slenderness (higher Ke values) due to the increasing level of web distortion 
of lateral distortional buckling, until other buckling modes that precede lateral buckling govern (i.e. 
local buckling). On the other hand, this variation due to lateral distortional buckling mode can be 
considered insignificant. For the moment gradient case with β = 0.8, the maximum αm factor was 
approximately 2.6 (with LTB mode) and the assumed lower bound was 2.4 (with LDB mode). This is 
only 7.7% difference. While the variation exists for cases with higher β values, the αm factor variation 
was found to be almost negligible for cases with lower β values, i.e. β less than 0 (Figure 4). 
Figure 5 compares the αm factors based on finite element analysis results with the current steel design 
codes (Eq.1 to 4). This comparison shows that the current steel design codes do not provide accurate 
predictions. It also shows that Eq.1 from AS4100 predicted closer results with the upper bound results, 
implying that it may be only suitable for LSBs subjected to lateral torsional buckling. The αm factor 
variation in the high β cases which is “considered small” can be neglected, and the αm factors based on 
the current steel design codes may be still appropriate for use in LSB design. However, a more 
accurate αm equation, Equation 7, was developed based on the lower bound results from the elastic 
buckling analyses. This new equation is shown in Figure 5 and is limited to a maximum αm factor of 
2.25 as a conservative measure, which is close to the limit of 2.27 used in ANSI/AISC 360 and 
BS5950-1. 
αm = 1.7 + 0.86 β + 0.16 β2 ≤  2.25      (7) 
4. NONLINEAR ANALYSIS RESULTS AND DISCUSSION 
Non-linear static finite element analyses of LSB sections with selected spans and two moment gradient 
cases (β = -0.4 and 0) were conducted to investigate the moment gradient effects on the ultimate 
moment capacities. They were also undertaken for the uniform moment case. Hence the ultimate 
moment capacity results of Mult and Mult-non, which are the FEA ultimate moment capacities for the 
basic case (uniform moment) and moment gradient case, were obtained. They are presented in a non-
dimensionalised format in Figure 6 for 300x75x3.0LSB, where Mult/My and Mult-non/My are plotted 
against the modified beam slenderness ((λd =√[My/αm Mod]). In these calculations, My was taken as the 
section moment capacity (Ms) because the LSB sections are fully effective according to the Design 
Capacity Tables of LiteSteel Beams [1], while the αm factors were obtained from the elastic buckling 
analyses in the last section. The section moment capacities were obtained using AS/NZS 4600 [13].  
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Figure 6: Moment Gradient Effects for 300x75x3.0LSB Based on Non-linear Static Analyses 
In the hot-rolled steel design codes, the member moment capacities with moment gradients (Mult-non) 
are calculated by multiplying the Mult values with the αm factors (i.e. Mult-non = αm Mult ≤ Ms). This 
method was also used and the results are compared in Figure 6. The comparison demonstrates that this 
method over-predicts the moment gradient benefits for LSBs. Although it may not be significant for 
moment gradient cases with low moment gradient values such as β = -0.4 case, it overestimates the 
moment gradient benefits for higher moment gradient case of β = 0. The overestimation using this 
method decreases with increasing beam slenderness (lateral torsional buckling region). 
The above observations can also be demonstrated by a comparison of strength ratios (moment capacity 
ratios based on non-linear ultimate strength behaviour) of Mult-non / Mult with the αm factor predicted by 
the new Equation 7 based on elastic buckling behaviour. It was found that the strength ratios were 
often below the αm factor predicted by Equation 7. 
On the other hand, the comparison in Figure 6 implies that the other design method of using the αm 
factor as adopted in many cold-formed steel design codes is safe for LSBs. It is adequate for LSBs 
with high beam slenderness while being conservative for those with intermediate beam slenderness. In 
this method the elastic buckling moment is multiplied by the relevant αm factors (i.e. Mod-non = αm Mod 
≤ Ms) and used in the member moment capacity calculations. Thus, it is recommended that the design 
method used in the cold-formed steel codes is used to allow for the moment gradient effects in the 
design of LSBs. Given its conservatism, the use of the design method in the cold-formed steel codes 
indicates that accurate αm factors are not necessarily important for design purposes. This means that 
the observed small variations in the αm factor for the high β cases due to lateral distortional buckling 
can be neglected. Further, accurate αm factors are also not important for intermediate span LSBs 
subjected to high end moment ratios due to the limiting effect from the section moment capacity (Ms). 
From these observations it is recommended that the current αm factors (AS4100, ANSI/AISC 360 and 
BS5950-1) as well as the more accurate αm equation (Eq. 7) can be used with the cold-formed steel 
code design method for LSB design purposes. 
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5. CONCLUSIONS 
This paper has described the moment gradient effects on the lateral buckling strength of a new cold-
formed steel beam, LiteSteel beam, with simply supported ends based on detailed finite element 
analyses. Lateral distortional buckling of LSBs associated with web distortion reduced the strength 
benefit of moment gradient for cases with high end moment ratios. The equivalent uniform moment 
factors (αm) were determined based on the elastic buckling analyses and an accurate αm equation was 
developed. A comparison with the relevant αm equations in AS4100, BS5950-1 and ANSI/AISC 360 
showed that they do not provide accurate predictions. However, since the method of using the αm 
factor within the cold-formed steel structures code provisions was found to be more suitable for LSBs, 
the use of accurate αm factors for design purposes is not important. This paper has therefore 
recommended the use of the current αm equations with the method in cold-formed steel codes. 
Alternatively the more accurate αm equation developed in this paper can be used. 
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